INTRODUCTION
The antibacterial properties of culture filtrates of Penicillium notatum were discovered in 1928 by Alexander Fleming,' but the realization of penicillin's full therapeutic potential had to await the contributions of Florey and Chain some twelve years later.2 Although early samples of the penicillin salts produced at Oxford were remarkably potent, they were not very pure,3 and difficulties with large-scale production meant that even these partially purified products were not initially widely available. This led a number of workers to re-examine the therapeutic properties of crude penicillin filtrates. Since their aim was to produce large amounts ofcrude filtrate for direct use on patients, complex purification procedures were purposely avoided. In this way, it was hoped that crude penicillin might be produced and used in hospitals, or even by general practitioners; as a result the crude product become known as "home-made penicillin".4 These culture filtrates were quite distinct from the partially purified penicillin salts produced by the Oxford workers and are referred to in this essay as crude penicillin.
Essentially, three methods were developed for the topical application of crude penicillin. These were (1) use of liquid filtrates which were usually applied using lint or other absorbent material; (2) the use of dressings inoculated with P. notatum often in conjunction with liquid filtrates; and (3) the application of crude penicillin in agar, the so-called pen-agar method. In addition, crude filtrates were also occasionally administered by injection.
A number of remarkable cures were achieved using crude penicillin, but fears concerning its uncontrolled production and purity eventually limited its use. At the same time, however, the partially purified product was becoming more widely available, making the use of crude filtration obsolete. As a result, the relatively large-scale production and use of crude penicillin covered only a short period from about 1942 to 1945. This paper will discuss the development of the use of crude penicillin from Fleming's discovery to its eventual demise. Brief reference will also be made to claims that penicillin was discovered and used prior to Fleming's discovery. SOME Victorian period'3 and by the fact that most of the scientists who made the observation had little, if any, knowledge of mycology. These workers may therefore have referred to any fungus as a Penicillium. Even the specific reference to P. glaucum only adds to the confusion, since this term was used at that time to describe any green Penicillium species. 14 These workers may have isolated P. notatum or another penicillium-producing member of the P. chrysogenum series; it is more likely, however, that their observations refer to any one of the numerous green Penicillium species, or possibly even just any green fungus. So while it is clear that these Victorian scientists observed antagonism between fungi and bacteria, we have no way of knowing whether they observed the penicillin effect sensu stricto.
THE FIRST AUTHENTICATED CURE USING CRUDE PENICILLIN Fleming appears to have made a number of largely unsuccessful attempts to demonstrate the therapeutic value of crude penicillin. ' It would be reasonable to conclude that the successful purification of penicillin, followed by the demonstration of its remarkable therapeutic powers, would have brought the story ofcrude penicillin to a fitting end. In reality, it only rekindled interest in Fleming's mould juice. This was because there was not enough of the purified product available in the early 1940s for widespread use in hospitals, let alone for use by general practitioners. Since the large-scale purification of penicillin was a specialized and complex procedure, workers turned instead to crude penicillin, hoping that it would be a useful stop-gap until the purified product became more widely available. Consequently, the struggle to purify penicillin ironically led to a renewed interest in the use of crude filtrates of Penicillium notatum.
A. M. Fisher, of Johns Hopkins Hospital in Baltimore, using Fleming's original strain of P. notatum, was one of the first workers to re-investigate the therapeutic potential of crude penicillin, publishing his studies in 1943.25 An earlier study of Bordley and co-workers26 had appeared in 1942, but only a small section of the paper was devoted to crude penicillin. The most important difference between the work of Fleming and Fisher was that the latter grew the fungus on Czapek-Dox medium, rather than on bacteriological broth. Czapek-Dox is a synthetic medium containing glucose or sucrose as the carbon source, and inorganic sources of nitrogen and phosphorus. As it contains no proteins, it is less likely than bacteriological broth to cause toxic reactions when used directly on patients. Fisher grew P. notatum in this medium at 22-25°C, filtered off the mycelium, then adjusted the filtrate to pH 6.5 and stored the resultant solution in a freezer at -30°C. The strength of this crude penicillin was then tested at intervals using a titre method.
Fisher commented at some length on the instability of crude penicillin, regarding it as a serious handicap to its use. His findings on this matter are historically important since they confirm the view of both Fleming and Paine on the instability of crude penicillin, and help to explain why the crude filtrates were less successful on patients than these pioneering workers had hoped.27 Fisher showed that crude penicillin was non-toxic and non-irritating to tissues of test animals. He measured the potency of his crude filtrates as the equivalent of twenty to forty Oxford Units, rising to fifty units when concentrated by freezing and thawing. This compares with Fleming's cultures, which contained only one or two units. In this preliminary paper, Fisher gave a number of examples of the successful therapeutic use of crude penicillin, but 45 gauze dressing which was kept moist with filtrate. After ten days' treatment, the lesions were healed with very little scarring. A younger sister of the patient was admitted to the hospital with similar symptoms, but she received only sulphadiazine. In her case, surgery was necessary and the wound was still draining some weeks after the operation. The Penicillium-inoculated gauze dressing used in this last example was pioneered by Robinson and Wallace.3' Hobson and Galloway32 also reported the use of inoculated gauze dressings on ten cases (burns, lacerations, ulcers, and infected wounds), preventing infection in three cases and being helpful in the control of seven. However, probably the best account of the use of gauze inoculated with P. notatum was given by Myers et al. 33 They described how circles of absorbent gauze were cut out and placed into Petri dishes and sterilized for an hour at 400°F. Culture medium was then poured over the gauze discs and inoculated with P. notatum. After incubation at 25°C, penicillin secreted by the mould was deposited on the underside of the gauze, reaching a maximum concentration after twelve days. The inoculated gauzes were checked for the presence of contaminants, and then applied to wounds and held in place by adhesive tape or bandages. Several cases of uterine cervicitis were also treated by these workers, using mould-inoculated gauzes held inside the vagina with a vaginal tampon. Of forty-seven cases of a variety of infections treated with crude penicillin by Myers et al., twenty-five were healed and thirteen showed some improvement. (The fact that fourteen out of thirty-three cases of leg ulcers responded well to crude penicillin treatment is of particular interest regarding what has been said above about the Fleming-Dickson Wright collaboration.) Despite achieving considerable success with crude penicillin, Myers and co-workers concluded that it was much more difficult to prepare than was generally recognized, and they suggested that rather than prepare the crude variety themselves, civilian physicians should wait for a more plentiful supply of the purified product to become available.
Despite an easing in the supply of purified penicillin, reports on crude penicillin continued to appear during 1945. One series of particularly interesting papers was published in the Hawaiian Planters' Record, the journal of the Hawaiian Sugar Planters' Association. Although usually devoted exclusively to papers on sugar cane production, this journal published in 1945 a series of papers on crude penicillin, giving the somewhat tenuous reason that its production would benefit workers in the sugar cane industry.34 Three papers on crude penicillin appeared together. The first dealt with studies on the production of the crude product (Carpenter et al.),35 the second concentrated on clinical studies (Larsen),36 while the third was devoted to a preliminary report on the production and use of crude penicillin in a naval dispensary notatum, and techniques for optimizing the production ofcrude penicillin. An excellent description of the preparation of Penicillium-inoculated dressings was also given: these were in constant demand both by civilian and service physicians.
A number of service physicians and technicians had been supplied with Penicillium cultures, and instructed in their preparation and use, so that approximately one hundred physicians on Hawaii eventually used crude penicillin, with what was described as "6outstanding success". The scale of production of crude penicillin on the island can be appreciated from the fact that Lieutenant Commander A. R. Agmar was preparing forty bottles every week, each containing four hundred inoculated dressings. 37 The acknowledgement given at the end of the paper emphasizes the enthusiasm then current for crude penicillin: "It is believed that the project has contributed materially to labour turnout, and to relief of hospital congestion, and that it has benefited the health and morale of servicemen as well as civilians." The scale of production of crude penicillin on Hawaii can be further gauged from the fact that sufficient dressings and penicillin solution were produced to supply any naval depot or ship in the district, and that facilities were made available so that any interested medical staff could be readily trained in its production.
In the second paper of this series, Dr Nils Larsen detailed some clinical trials involving crude penicillin. He expressed considerable enthusiasm for its use, noting that if the organism was sensitive to crude penicillin, then the effects were dramatic. He also commented that crude penicillin filtrates were cheap and easy to make, simple to use, and readily transportable, and concluded with the following statement: "We feel now that a source of a rather scarce and potent drug is readily available to anyone who may be willing to produce it wherever he may be". Such enthusiasm was not universal, Johnson,38 for example, commenting on the use of crude penicillin against impetigo contagiosa and sycosis vulgaris, cautioned that contamination would render the cultures useless or possibly dangerous. He 
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The successful reports on the use ofcrude penicillin naturally encouraged workers to try and improve yields and storage times, particularly in relation to the possibility of producing it in well-equipped hospital laboratories. Sandercroft, for example, provided a description to be followed for the routine production of crude penicillin on Czapek-Dox medium.45 After filter sterilization, the product could be kept for up to a month at 4°C, and even as long as three weeks at room temperature. Other workers, however, recommended that the crude filtrates should be frozen. Tsun Tung,46 for example, suggested that the crude filtrates should be first adjusted to pH 6.0, evaporated under reduced pressure, and then finally placed in celluloid tubes and frozen at -76°C. After such treatment, the potency of the crude penicillin was maintained for a month, but was reduced to half that of the original after two months, when it then remained stable for a further three to five months.
CRUDE PENICILLIN GIVEN BY INJECTION
In 1943, Robinson47 performed the protection tests on laboratory animals with crude penicillin that Fleming and others had failed to do in the early 1 930s. Robinson showed that crude penicillin was toxic to mice when given intravenously in single doses of 0.5, 1.0, 1.5, and 2 grams per kilogramme. The toxic dose was, however, sixty-four times the effective dose. Without doubt the most remarkable studies on the therapeutic potential of crude penicillin were made by D. F. Gray and J. V. Duhig, respectively lecturer in bacteriology and professor of pathology at the University of Queensland.48 They prepared crude penicillin using a defined medium containing glucose, and applied it locally to infections by soaking it in gauze. Using this familiar approach, they cured cases of cellulitis, osteomyelitis, abscesses, impetigo, carbuncles, and miscellaneous infections-in particular, those of burns caused by Staphylococcus aureus. They then went on to inject sterile, crude penicillin intravenously into terminally-ill patients, often with striking success. In one example, a baby boy was suffering from appendicitis and peritonitis, the cause of which was unknown. The appendix was gangrenous and perforated, and free pus was present. Sulphonilamide had been used without success, and the boy's condition deteriorated until it became desperate. Crude penicillin was given by intravenous drip in doses of 300mls each day for four days. There was an immediate improvement in his condition, and he eventually recovered. Similar successes following the injection of crude penicillin were achieved against septic embolic pneumonia with suppurative cellulitis of the buttock, osteomylitis of the pubis and ischium with sinus into the bladder, and staphylococcal septicaemia. There were some failures, however, mainly in cases where the condition of the patient had deteriorated to such an extent that only purified penicillin might have helped. The concluding statement of Gray and Duhig placed them into that large group of workers who were enthusiastic about the merits of crude penicillin. "Although pure penicillin is becoming available slowly for civilian use, it is believed that crude penicillin will continue to play an important role in the treatment of local infections caused by Gram-positive pyogenic bacteria, for it can be produced in any hospital laboratory by a skilled technician at negligible cost and with a minimum of labour."
The examples mentioned above clearly show that crude penicillin filtrates could prove remarkably successful against a wide range of bacterial infections. If correctly used, they could therefore have acted as an important "stop-gap" until supplies of the purified product became more generally available. However, the use ofcrude penicillin soon became subject to a certain amount of controversy. Fears were rightly expressed that the uncontrolled production and use of such crude material might prove hazardous, thereby ruining the reputation of the purified product. In a letter to the British Medical Journal,49 a general practitioner asked how he could obtain and grow a culture of P. notatum. He proposed to inject the filtrate into the vagina ofa six-year-old girl who was suffering from gonorrhoea and was not responding to other treatment. He asked "Why should not this culture in liquid be used as a local application until the supply of penicillin is abundant?" A good question, met by a somewhat off-putting reply from the editor: "Despite recent claims which have been made for the possibilities of home-made penicillin, the pitfalls involved are so numerous that it cannot be recognised for any serious therapeutic undertaking such as in the case described." The editor was being strangely cautious, since his own journal and the Lancet would eventually publish reputable studies showing the effectiveness of crude penicillin.50 5' A more balanced response would have been to discourage the general practitioner from attempting to produce crude penicillin, while suggesting that he try and enlist the help of a local hospital laboratory.
A reply along these lines was given in Parliament (28 January 1944) by the then 
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laboratory with a well-trained staff."4 The Joint Parliamentary Secretary for Supply replied: "Small quantities of penicillin in its crude filtrate form can be produced by any bacteriological laboratory. The penicillin could be used for treatment in certain cases under special medical supervision. Such laboratories would not be able to make a significant amount of penicillin for general distribution." This is again a balanced response to the question of the use and production of crude penicillin. It neglects, however, the possibility that regional centres for the preparation of crude penicillin could have been set up on the Hawaiian model. Members of Parliament came under increasing pressure from constituents to press for a better supply of penicillin. On 19 October 1944, for example, Mr G. Griffiths 5 asked the Minister of Health if he was aware that some workers were making penicillin in a laboratory in the West Riding. The questioner is probably referring to the work done in Bradford at the Royal Infirmary by M. A. Cooke,56 who used sprays of crude penicillin to cure sycosis barbae; the disease against which Paine and Hallam had earlier had no success.21
Florey himself appears to have been concerned about the increasing interest in the clinical use of crude penicillin.57 In particular, he seems to have regarded Pulvertaft's use of crude penicillin on wounded Allied soldiers in North Africa58 as an "unnecessary and retrograde step", a criticism which appears to have curtailed Pulvertaft's work on the crude product. Florey was obviously determined here to protect penicillin's reputation against the misuse of Fleming's mould juice.
All forms of penicillin finally came under the control of the Therapeutic Substances Act of 1944.59 This made any commercial form of penicillin conform to prescribed standards of quality, potency, and purity. Crude filtrates were specified in the Act, together with dried crude filtrates, the sodium and calcium salts, and other salt preparations. If offered for sale, the crude filtrate had to contain not less than ten units of penicillin per ml. In addition, any substance advertised as containing live Penicillium ("Viviclin") was to be free of viruses, bacteria, or any organisms other than those which it was meant to contain, and its administration must be free from danger to patients. These regulations excluded penicillin that was not meant for sale, such as that produced in hospital laboratories. It remains debatable whether official encouragement should have been given to the production and use of crude penicillin in the early 1940s. Although there were obvious dangers involved in its use, numerous studies showed that crude penicillin could have helped alleviate suffering and may even have saved lives. It might have proved particularly beneficial for civilian use, since most of the purified penicillin then available was saved for battle casualties. The use of crude pencillin achieved some official recognition in the UK by being mentioned in an Act of Parliament. In the end, however, it came too late, as sufficient supplies of the purified product soon became more widely available.
